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Secondary Reconstructive Procedures in

Obstetrical Brachial Plexus Palsy: Forearm,
Wrist, and Hand Deformities

Panayotis N. Soucacos, M.D., F.A.C.S.," Marios D. Vekris, M.D.,?
John Kostas, M.D.,? and Elizabeth O. Johnson, Ph.D.*

ABSTRACT

Obstetrical brachial plexus paralysis (OBPP) is a complex, multifaceted disorder
with potentially disabling sequalae. Although the shoulder is the most frequently affected
joint, the forearm, wrist, and hand may also display diabling deformities. In sequalae
involving the forearm, the most frequent deformity is supination contractures followed by
pronation contractures. Treatment of OBPP has recently focused on early microsurgical
repair; nonetheless, palliative surgery still plays a critical role in the overall reconstructive
planning in order to diminish the sequalac of OBPP and improve function of the upper
extremity. The preferred palliative surgical proceures for the forearm and hand include
flexor or extensor tendon transfers, free muscle transfers, opponensplasty, and bone fusion.
The most commonly restored functions are elbow flexion and extension, finger flexion and

extension, and, in some cases, shoulder abduction and intrinsic substitution.

KEYWORDS: Obstetrical paralysis, supination deformity, ulnar deviation, wrist drop

Obstetrical brachial plexus paralysis (OBPP) is a
complex, multifaceted disorder with potentially dis-
abling sequelaec. OBPP occurs as a result of an extreme
lateral traction of the infant’s head away from the
shoulder during the last phase of delivery, resulting in
variable traction or stretch neural lesion. Although many
children with OBPP progress to useful neurological
recovery, it is essential for the surgeon to encourage
this potential function further by earlier detection and
appropriate treatment.

A multidisciplinary approach that includes
various specialties as well as a carefully timed integrated
approach to treatment that includes conservative,
primary, and secondary treatment modalities is essential

to achieve optimal results. Although the global

strategy in the treatment of OBPP has recently focused
on early microsurgical repair, as it leads to substantial
functional improvement of upper extremity function,
palliative surgery still plays a critical role in the
overall reconstructive planning. Today, it is clear that
secondary reconstructive procedures must be kept in
mind even during the initial microsurgical plexus recon-
struction to effectively improve the overall functional
results.

CLASSIFICATION OF OBSTETRICAL
PARALYSIS

OBPP can be classified according to its anatomical
features or its clinical course and severity. Anatomical
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Figure 1 Preoperative view of an 8-month-old infant with total
plexus palsy. The infant shows typical internal rotation of the
humerus, supination of the forearm, and ulnar deviation of the
wrist and hand.

classification includes four categories: upper plexus palsy
(Erb palsy), which involves C5, C6, and sometimes c7h
intermediate plexus palsy, which involves C7 and
sometimes C8 and T1% lower plexus palsy (Klumpke
palsy), which involves C8 and T13 and total plexus
palsy, which involves C5, C6, C7, C8, and sometimes
T1.* Total plexus palsy is usually the cause of deformities
of the forearm and hand (Fig. 1).

According to the overall severity of the lesion, five
clinical types have been identified according to Narakas.’
Type I indicates a relatively mild palsy, and recovery is
usually complete or almost complete by 1-8 weeks. Type
II is more unpredictable early on. In these cases, the
elbow usually shows good function, but the shoulder
does not. In addition, wrist and finger extension may also
not recover in some patients, requiring tendon transfers.
Type III may present a temporary Horner syndrome
and appear complete. These cases involve the upper
trunk and include avulsion of C7, as well as stretching
of the lower trunk. Type IV is characterized by a
persisting Horner syndrome, with avulsion injury of
C8 and T1. Type IV patients may show recovery of
C5 and C6 function. Type V is defined by severe injury
of all of the roots of the brachial plexus. These patients
present with paralysis of the serratus anterior, levator
scapulae, and rhomboids, with a permanent Horner’s
sign.

NATURAL HISTORY AND INDICATIONS
Knowledge of the natural history and the potential
sequelae of obstetrical paralysis is critical for determining
the best form of management. Although several OBPP
patients do recover with relatively minor, if any, residual
functional deficits, there are several infants who do not
regain satisfactory function of their upper limb. These
infants subsequently develop bony deformities, joint
contractures, and related functional limitations. In gen-
eral, about half of the OBPP patients have identifiable
impairment of hand function at ~ 15 months of age.® To
avoid permanent sequelae, many surgeons are proposing
the necessity for early surgical intervention.™’”

Today, the most widely used set of guidelines for
early intervention are those proposed by Gilbert and
Tassin.'” According to Gilbert and Tassin, functional
prognosis is poor, and surgical repair of the plexus is
warranted with the following: total palsy with a flail arm
and Horner’s syndrome after 1 month; no signs of
recovery by the third month in patients with complete
C5-C6 palsy after breech delivery; and absent biceps
function by the third month in infants with C5-C6
palsies.

SEQUELAE OF OBSTETRICAL

BRACHIAL PLEXUS PALSY

The sequelae of obstetrical palsy are related to the initial
lesion of the brachial plexus, as well as the lesions of
the osteoarticular system at the level of the proximal
humerus and damage to the deep periarticular muscles
of the shoulder.? Neuropraxia, axonotmesis, and root
avulsions are associated with varying lesions to the
sensory, motor, and autonomic nerve fibers of the
brachial plexus.

The principle clinical characteristic of the primary
lower arm sequelae are the result of an initial total lesion
of the plexus (C5-T1). Depending on the condition of
the upper, middle, and lower plexus, partial recovery or
complete paralysis of certain muscles can be observed,
with major deformities being observed at the level of the
forearm, wrist, and hand. In a relatively large series with
368 sequelae cases, Zancolli indicated that the typical
clinical picture includes internal rotation contracture of
the shoulder (72%), flexion contracture of the elbow
(62%), supination contracture of the forearm (69%),
ulnar deviation of the wrist (27%), and varying types of
finger paralysis."!

Although the shoulder is by far the most fre-
quently affected joint in OBPP, the forearm, wrist, and
hand also frequently display disabling deformities.
Despite this, forearm and hand reconstruction in
OBPP has been discussed in relatively few papers.'*™'®
In sequelae involving the forearm, the most frequent
deformity is supination contractures (69%).!* Pronation
contractures are observed in ~28% of the cases.
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Overall, the most frequent sequelae deformities in
the forearm and hand in OBPP patients include forearm
supination contracture; forearm pronation contracture
(less frequent than supination contractures); weak or
absent wrist, metacarpophalangeal (MP) joint or inter-
phalangeal (IP) joint extension; weak or absent flexion
of digits; ulnar deviation of the wrist; thumb instability;
and sensory disturbance, particularly of the two ulnar
digits

SECONDARY RECONSTRUCTIVE
PROCEDURES

Palliative surgery in brachial plexus palsy consists of an
ensemble of secondary procedures that are used to
diminish the sequelae of OBPP and improve function
of the upper extremity. Such procedures consist of
muscle—tendon transfers, tenodeses, capsulodesis, or ar-
throdeses. For secondary reconstructive procedures to
effectively enhance overall function, the surgeon must be
aware of the natural history of OBPP and the evolution
of the particular patient, as well as the particular func-
tional deficits presented by the patient. (This is essential
because it is function that is reestablished, and not
reanimation of paralyzed muscles). In addition, the
surgeon must evaluate and verify the passive mobility
of the joints, as well as their stability. The reconstructive
possibilities available to the surgeon are dependent on
the number of available active muscles and the condition
of the entire limb. Joint stiffness, contractures, deformi-
ties, and associated skin, vessel, and bone problems must
be considered in treatment planning. A general rule of
thumb is that all contractures should be treated before
surgical reconstruction of the paralysis.

Various procedures are performed for correction
of forearm and hand deformities in OBPP. The pre-
ferred palliative surgical procedures to correct deformi-
ties or restore function include flexor or extensor tendon
transfers, free muscle transfers, opponensplasty, and
bone fusion. Secondary procedures such as muscle trans-
fers and wrist fusion are necessary to improve function,
especially in late cases in which the muscle targets have
atrophied. Pedicled muscle or tendon transfers'®'*!
are used to enhance the functionality of the paretic arm.
Advances in microsurgery began the era of free func-
tional muscle transfer for brachial plexus paralysis
management.22’23 The transferred free muscles are neu-
rotized either by previously banked nerve grafts or
directly from local motor donors (i.e., intercostal nerves).
The most commonly restored functions are elbow flexion
and extension, finger flexion, and extension, and in some
cases, shoulder abduction and intrinsic substitution.
Latissimus dorsi and rectus femoris transfer are good
candidates for elbow flexion restoration. For hand re-
animation, gracilis and rectus femoris can be used.?*
Some surgeons prefer to restore two functions with one

muscle transfer (i.e., elbow flexion and finger flexion or
elbow extension and finger extension).”>%°

The surgical procedures selected depend on the
pathology of the involved soft tissues and joints and the
overall muscular condition. In general, a severe shoulder
deformity should be corrected before any surgical pro-
cedure is attempted on the forearm. However, mild or
moderate flexion contractures of the elbow do not
contraindicate forearm surgery. Supination deformities
and dorsiflexion and ulnar deviation of the wrist can be

corrected next. The final step is any surgical correction of
the hand.

SUPINATION DEFORMITIES

One relatively frequent obstetrical palsy sequelae is
forearm supination deformity, which is usually asso-
ciated with ulnar deviation of the wrist and variable
deficits in hand function. Forearm supination deformity
is a progressive deformity, ultimately resulting in severe
retraction of the interosseus membrane and subluxation
or dislocation of the distal radio-ulnar joint, and in some
cases, even dislocation of the proximal radial head.

Supination contractures are disabling functional
deficits that result from the unrestricted action of the
supinator muscles (biceps and supinator) in the presence
of paralysis of pronators. Although supination contrac-
tures can be reduced passively in their initial stages,
after ~2 years, the interosseous membrane also begins
to contract, and the deformity becomes fixed. This
ultimately leads to bony curvature of the forearm, parti-
cularly of the radius, along with dislocation and volar
subluxation of the distal end of the ulna. Sometimes the
radial head may also be subluxed or dislocated volarly. It
has been proposed that supination contractures should
be corrected before the deformity becomes fixed.™

Forearm supination and deformity of the wrist
(dorsiflexion and ulnar deviation) are often associated
with weakness or paralysis of the digits and thumb,
particularly of their intrinsic muscles. As a result of
contracture of the collateral ligaments, the metacarpo-
phalangeal joints of the fingers are stiff in extension. In
addition, the thumb is often paralyzed and drawn in
adduction. Because of the imbalance between the pa-
ralytic triceps and active biceps, the elbow is frequently in
a flexion contracture.

The indications for surgical management of su-
pination deformities include an evaluation of the condi-
tion of the interosseous membrane (whether it is flexible
or retracted), the distal radio-ulnar joint, and the func-
tional status of the triceps. The surgeon must also take
into account deformities of the elbow or shoulder and
the function of the hand. A moderate flexion contracture
of the elbow does not contraindicate forearm surgery,
although if a shoulder deformity is present, it should be
corrected first. Reconstruction of the hand should follow
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Figure 2 (A) Anteroposterior (AP) and (B) lateral radial osteotomy performed at the junction of the distal third of the radius in a 15-year-
old boy to correct supination deformity of the forearm secondary to pronator muscle paralysis.

correction of supination deformities and dorsiflexed and
ulnarly deviated wrists.

According to Zancolli and Zancolli,** surgical
correction of supination contractures can be achieved
by transferring the distal end of the biceps to a pronation
position or, alternatively, transferring the flexor carpi
ulnaris to the brachioradialis tendon. This entails the
triceps being adequately functional and the interosseous
membrane being longitudinally divided. However, re-
routing the biceps tendon to restore active pronation,
as proposed by Zancolli and Zancolli,"* has not had
satisfactory results in other studies, particularly in cases
with fixed deformities and contracted interosseous mem-
brane (Heerlen).?”?® However, pronation osteotomy of
the radius has been shown to provide promising func-
tional improvement (Fig. 2).0%

Patients who also present with palmar subluxation
or dislocation of the distal radial head should be
managed with release of the interosseous membrane
and fusion of the distal end of the radius and ulna in a
neutral rotation of the forearm. Fixation should be
placed proximal to the radial growth plate if the distal
radial-ulnar fusion is performed before completion of
growth.

ULNAR DEVIATION OF THE WRIST

Frequently supination contractures are associated with
flexible ulnar deviation of the wrist (27% in Zancolli’s
series)."! As a result of the muscle imbalance produced
by the paralysis of the thumb extensors, and extensor
carpi radialis brevis and longus, in relation to the
unopposed activity of the extensor carpi ulnaris, the wrist
develops an ulnar deviation. In general, strong action of
the flexor carpi ulnaris, the extensor carpi ulnaris, or
extensor digitorum communis often cause a notable
muscle imbalance, which results in an ulnar deviation.
Ulnar deviation of the wrist can be treated with a brace,

wrist arthrodesis (if growth is complete), temporary wrist
fusion using a Steinman pin (if growth is incomplete) or
a tendon transfer (with correction of the supination
contracture) (Fig. 3). Tendon transfers include transfer
of the extensor carpi ulnaris or the flexor carpi ulnaris to
the extensor carpi radialis longus, or transfer of extensor
carpi ulnaris or extensor carpi radialis longus to the
abductor pollicis longus. For the former, the extensor
carpi ulnaris is passed in palmar direction through the
released interosseous membrane to the palmar aspect
of the radius and sutured to the extensor carpi radialis
longus (deep to the radial neurovascular bundle) under
tension in 20 degrees wrist dorsiflexion.

RADIAL HEAD DISLOCATION

In patients with a volar dislocation, a long sling from the
distal biceps tendon or triceps tendon can be elevated
and wrapped around the radial neck, pulling it poster-
iorly. The sling can then be fixed under tension to the
posterior aspect of the distal triceps and immobilized
temporarily with a k-wire fixed from the radius to the
ulna. In dorsal dislocations, a wedge osteotomy on the
ulnar side of the radius is effective in reducing the radial
head to a normal position.

HAND DEFORMITIES

The clinical presentation of the hand is highly variable.
In general, any muscles available to restore hand function
are very weak, leaving only one or two wrist motors
available for transfer procedures. The hand frequently is
faced with a disabling deformity where the thumb lies in
an ulnarly deviated hand. If wrist extension is satisfac-
tory, the extensor carpi ulnaris can be transferred to the
abductor pollicis longus. If wrist extension is inadequate,
the extensor carpi ulnaris can be transferred to the
extensor carpi radialis brevis.
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Figure 3 Temporary wrist fusion using a Steinman pin can be successfully used to correct ulnar deviation of the wrist if growth is
incomplete. (A) Preoperative picture and (B) radiograph showing ulnar deviation and wrist hyperextension in a 14-year-old boy. (C,D)
Postoperative views showing temporary fusion of the wrist using a Steinman pin from the shaft of the radius to the head of the second

metacarpal.

METACARPOPHALANGEAL JOINT

DROP AND WRIST DROP

Most OBPP patients show moderate wrist extension,
but because of a weak extensor digitorum communis
along with a weak extensor pollicis longus or abductor
pollicis longus, they present with metacarpophalangeal
joint drop. When the forearm flexors have retained
adequate strength, a flexor to extensor transfer (such as
that used for radial nerve palsy) is an appropriate means
of treatment.*>?

Tendon transfers that should also take into ac-
count the type of wrist deviation should be performed
after careful assessment of the volar muscles of the
forearm. Patients with weak wrist extension and ulnar
deviation can be managed with a flexor carpi ulnaris to
extensor carpi radialis longus transfer after stabilization
of the wrist with wrist fusion. (Fig. 4) By passing
the tendon around the radius, rather than through the
interosseous membrane, both the wrist extension and

ulnar deviation of the wrist can be corrected. Thumb
abduction and ulnar deviation of the wrist can be
corrected by transfer of the flexor carpi ulnaris to the
abductor pollicis longus.

Figure 4 Lateral view of wrist fusion using plate and screws,
performed on a 16-year-old boy.
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When the forearm flexors are weak, metacarpo-
phalangeal joint drop can be corrected by using the
musculocutaneous nerve as a transformator (neurotiza-
tion source), by transferring the extensor carpi radialis
longus to the extensor digitorum communis, by plication
of the extensor digitorum communis or abductor pollicis
longus, or by wrist fusion.

To use the musculocutaneous nerve as a transfor-
mator, the nerve is first isolated between the biceps
and coracobrachialis muscles and then cut at its
distal third. The distal end is directly coaptated to
the deep central branch of the three intercostal nerves,'?
and the proximal end is used to innervate the extensor
digitorum communis muscle replacement (usually a
gracilis myocutaneous functioning free muscle trans-
plant). The proximal end of the muscle transplant
is fixed to the proximal third of the humerus, and
the distal end is sutured to the extensor digitorum
communis.

In Klumpke palsy, wrist flexion and extension is
usually only achieved by the flexor carpi radialis and
extensor carpi radialis longus, respectively. By transfer-
ring the extensor carpi radialis longus to the extensor
digitorum communis, one muscle can effectively do two
functions. The four tendons of the extensor digitorum
communis are moved superficial to the dorsal carpal
ligament and sutured together. The extensor carpi ra-
dialis longus insertion can then be detached and sutured
to the extensor digitorum communis.

FINGER FLEXION

Weak or partially absent finger flexion is often observed
in total plexus palsy (Klumpke palsy). Extensor to flexor
transfers in a manner similar to that performed for ulnar
nerve palsy are effective for correcting finger flexion
when good wrist extensor function is present.”* If strong
wrist extensors are not available (which is usually the
case), functioning free muscle transplantation for flexor
digitorum profundus replacement is effective. This can
be achieved using the intercostals as donor nerves or
contralateral C7 transfer followed by two-stage free
muscle transplantation. Recently, some authors recom-
mended the use of the latissimus dorsi muscle for
restoration of digital flexion. 3334 They have found that
the thoracodorsal artery is sufficient for adequate nour-
ishment of the entire length of the muscle, which is long
enough to reach the wrist and be sutured to the flexor or
extensor tendons of the fingers. Contraction of the
latissimus dorsi transplant is sufficient for generating
the complete range of digital movement. To obtain
optimal results, antagonist muscles must also function
properly. When there is paralysis of both flexion and
extension of the digits, the latissimus dorsi muscle can be
transferred for digital flexion, and the gracilis muscle for
extension.>>3*

INTERPHALANGEAL JOINT EXTENSION
Intrinsic palsy of the hand can be managed using distal
advancement of the central limb of the extensor mechan-
ism to the base of the middle phalanx, by reconstruction
of the lumbricales (achieved by flexor digitorum sublimis
or extensor carpi radialis longus transfer), or by using an
interphalangeal extension dynamic splint. Advancement
of the extensor mechanism is indicated only in patients
with positive metacarpophalangeal joint extension, who
also have deficits in proximal interphalangeal joint
extension. Correction is achieved by distal advancement
of the central extensor mechanisms to the base of the
middle phalanx in a manner similar to that performed for
Boutonniere deformities.
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